Conventional immunofluorescence produces excellent labeling but has drawbacks such as fading and the need for phase-contrast. Silver-enhanced colloidal gold probes allow counterstaining and permit permanent preparations with no fading if mounted corredy, but the most common limits of this technique are steric hindrance and the artifacts produced by silver enhancement. Our goal was to investigate Herpes simplex virus type 1 (HSV-1) morphogenesis by hmunogold cryosection electron microscopy. We therefore needed a sensitive and reproducible immunocytochemical light microscopic method to codirm the immunofluorescence results in whole cells and to screen the cryoprepara-
Introduction
Immunohistochemical methods are valuable tools to identlfy antigens in both sections and whole cells. All of the known methods, however, have advantages and disadvantages. The small-sized fluorochromes produce excellent labeling in light microscopic studies but the intensity of fluorescence declines (fading) and there is a lack of contrast to differentiate the nuclear and cytoplasmic compartments (12). Confocal microscopes permit direct ocular viewing of the phase-contrast and fluorescent confocal images, individually or superimposed as phase-fluorescence image overlays (8). This is not the case in ordinary epifhorescence microscopes (21). and it is imperative to switch between the phase-contrast and fluorescence images to compare and identify the cellular localization of the immunoreaction. Fixation with paraformaldehyde and especially glutaraldehyde contributes to disturbing background fluores-tions before the time-consuming elearon microscopic studies. We report data showing that the use ofp-phenylenediamine to retard fading and propidium iodide to provide counterstaining results in brilliant fluorescence and contrast, minimal autofluorescence, and invisible fading at least for 5 min exposures, even in preparations with weak antigen presentation. Storage at -20°C provides stable fluorescence. This method is superior to silver-enhanced colloidal gold light microscopy in our investigations. (J Histdem Cytdem &507-513, 1995) cence (15). Furthermore, semi-thin cryosections are invisible in phase-contrast and the antigenicity is low, making the fluorescence vulnerable to fading (unpublished observations). For the reasons mentioned, it is desirable to use a mounting medium with contrast to mark the cellular landmarks, to reduce background fluorescence, and to prevent photobleaching.
Colloidal gold is excellent for immunoelectron microscopy, but the labeling sensitivity is inversely related to the size of the marker (20,32), and it is necessary to silver-enhance the small gold particles for them to be visible by light microscopy. This technique permits the use of common counterstains and xylene-miscible mounting media, although again it is difficult to obtain satisfactory contrast in semi-thin cryosections. The major drawbacks of immunogold methods are steric hindrance and artifacts introduced by silver enhancement.
The aim of this study was to achieve an easy, rapid, sensitive, and reproducible light microscopic technique to visualize the optimal immunolabeling of the cryopreparation before the electron microscopic studies and to compare with the electron microscopic results of ultra-thin cryosections and conventional immunofluorescence on whole cells. The reported optimized low-fading immunofluorescence contrasted with propidium iodide meets these demands. To our knowledge, this is the first report discussing the methodological problems connected with immunofluorescence light microscopic investigation of semi-thin cryosections.
Materials and Methods

Reagents, Antibodies, and Conjugates
Chemicals were obtained from Merck (Darmstadt, Germany) unless otherwise stated. The monoclonal anti-gD subclass IgG2, (14) is specific for Herpes simplexvirus type 1 (HSV-1) glycoprotein D. subclass IgGl, light chains (no. N 357) and goat antirabbit (GAR-GI) IgG (H+L) conjugated to 5-nm colloidal gold particles (no. RPN 420) were purchased from Amersham (Poole, UK). The monoclonal anti-human T-cell UCHL1, subclass IgG2a~ (no. M 742), affinitypurified (11) rabbit anti-mouse (RAM) immunoglobulin (no. Z 259), and fluorescein isothiocyanate (FIE)-conjugated RAM (no. F 232) were obtained from Dakopatts (Glostrup, Denmark).
The optimal incubation time and dilution of antisera, defined as the highest dilution producing maximal staining and minimal background, were determined for all batches of antisera and conjugates.
Optimization of the Methods
All experiments were repeated at least twice and slides were made in duplicate. Immunoincubations were carried out at room temperature in a humid chamber and air-drying of the specimen was prevented. Random blinded slides were scored by two observers.
Object Microscope Slides. Circles were scratched with a diamond on the back side of the slides (no. 02 1201. Menzel, Braunschweig, Germany) to mark the location of the sections and to avoid glass dust on the top of the slide. The slides were then rinsed in running water overnight, dipped several times in 1% HCI in 70% alcohol, rinsed three times in distilled water, air-dried, and storage-protected against dust and dirt.
Silver Enhancement. Silver amplification with IntenSE M (no. RPN 491; Amersham) was performed as recommended in the pack leaflet (1, 2) at 18°C in a darkroom under a red safelight.
Toluidine Blue Counterstain. One g of Toluidine Blue 0 was dissolved in 60 ml sterile H20. 2.5% ( d w ) NaHCO3, and 40 ml glycerol. The solution was filtered just before use.
Mountants of Immunofluorescence Microscopy. The general mounting medium consisted of 90% PBS (phosphate buffered saline: 10 mM Na2HP04/KH2P04, 150 mM NaCI, pH 7.4) buffered glycerol, pH 8.4. Low-fading mounting medium containing 100 mgp-phenylenediamine dissolved in 10 ml PBS, followed by admixture with 90 ml of glycerol (fresh and stored at -20'C). was protected against light and stirred properly at 4'C (13). The pH was adjusted to 8.0 with 0.5 M sodium carbonate-bicarbonate buffer, pH 9.0. The optimal solution is translucent, very light red, and prevents the fading of FIX immunofluorescence for at least 10 min when whole cells are continuously exposed to epifluorescence. The medium was contrasted with propidium iodide (no. 81845; Flub Chemie, Buchs, Switzerland) 1 Clglml low-fading mounting medium, and was stored protected against light in aliquots at -20°C and discarded when discolored to brown. 
Cells and Viruses
Human embryonic lung cells (MRC-5) delivered at passage 26-28 (no. 02-021-83; Flow Laboratories) were grown in 95% air + 5% CO2 and were propagated as monolayer cultures at 37°C in EBME [essential basal medium Eagle (modified) with Earle's salts; no. 14-000-49, Flow Laboratories] supplemented with 10% FBS (v/v), and penicillin 50 IUlml + streptomycin 50 pglml (no. 16-700-49; Flow Laboratories). The cells were trypsinized (no. 16-891; Flow Laboratories) just at confluence and passaged twice a week. The cell cultures were proved mycoplasma-free by means of cultivation (Statens Serum Institute), the Hoechst DNA staining method (19), and Gen-Probe (Gen-Probe; San Diego, CA). Three days before the HSV-1 infection, the cells were plated at 8 x lo4 cells/cm2 on sterile glass coverslips (Smethwick Warley, UK) for investigation of whole cells or in 25-cm2 cell culture flasks (no. 163371; Nunc, Roskilde, Denmark) in preparation for cryosections. At passages below 35, the cells were infected with the prototype HSV-1 strain F (6) previously passaged twice in MRC-5 cells and at a multiplicity of infection of 30 plaque-forming units per cell in EBME supplemented with 1% FBS. After 1 hr of adsorption at 37"C, the inoculum was removed and EBME containing 1% FBS was added. At 12 hr post infection at 37'C. the medium was removed and the cells were washed briefly in sterile 37°C PBS and fixed.
Whole Cells. The cells were fixed in absolute methanol at -20°C or in freshly prepared 3% paraformaldehyde (no. P 026; TAAB Laboratories Equipment, Aldermaston, UK) in PBS for 10 min. The cells were then stored at 4'C in PBS containing 0.1% (v/w) NaN3 and the immunolabelings were performed within four weeks.
Frozen Cell Cultures. The cells were fixed for 10 min in PBS-buffered 3% freshly prepared paraformaldehyde with 2 % glutaraldehyde added (no. G 002; TAAB Laboratories Equipment). The cells were scraped off the culture flask with a rubber policeman, then embedded in 20% gelatin (no. 4078, Merck) dissolved in PBS. cryoprotected in 2.3 M PBS-buffered sucrose, frozen, and stored in liquid nitrogen (33). Semi-thin cryosections about 500 nm thick were cut with an RMC MT 6000 XL cryoultramicrotome and stored at 4'C in PBS-buffered 1% paraformaldehyde overnight before immunolabeling.
Optimized Immunolabelings
Paraformaldehyde-fixed whole cells were permeabilized to visualize intracellular antigens. Otherwise, the procedures were identical for whole cells and semi-thin crvosections.
Two-layer Indirect Immunofluorescence Labeling. The specimens were initially washed (four times for 5 min) with PBS and the whole cells were then permeabilized with 0.1% NP40 for 30 min. After washing in PBS, the whole cells or cryosections were overlaid for 45 min with anti-gD-1 Fd 138-80 diluted 1:500 or anti-P-tubulin 1:800 in PBS with 1% bovine serum albumin (BSA). Thereafter they were washed with PBS and incubated for 30 min with FITC-conjugated RAM diluted 1:25 in PBS with added 1% BSA. The coverslips and slides were rinsed in PBS, fixed with 3% paraformaldehyde in PBS for 10 min. washed again with PBS, mounted, and stored at -20%.
Three-layer I n k Immunogold Labeling. The described immunogold staining procedure (22) was modified for light microscopy of whole cells and semi-thin cryosections. The specimens were washed (four times for 5 min) with PBS. Whole cells were then permeabilized with NP4o 0.5% in PBS (30 min), followed by a wash with PBS. This penneabilization was compared to NP4o 0.1%. 1%, and 5 % for 30 min. To inactivate any remaining aldehyde, glycine 0.02 M in PBS was put on for 10 min. Subsequently, there was a wash with PBS and briefly with 0.05 M TBS (Xis-buffer, 150 mM NaCI), pH 7.4 (no. T 1503 and T 3253; Sigma, St Louis, MO).
blocking solution consisting of TBS 0.05 M with 10% goat serum added (20 min), and incubation with anti-gD-1 Fd 138-80 1:400 or anti-e-tubulin 1:800 in TBS 0.05 M with 0.25% BSA (45 min). The primary antibody was washed off with TBS 0.05 M and the specimens were incubated for 30 min with affinity-purified RAM 5 pg/ml in TBS 0.05 M with 1% goat scrum added. Next was a wash with TBS 0.05 M and briefly with TBS 0.02 M. pH 8.2, followed by GAR-G5 1:lOO in TBS 0.02 M with 0.1% BSA (20 min).
After that there was a rinse with TBS 0.02 M and briefly with 0.1 M phosphate buffer, pH 7.4, followed by fmtion with 2% glutaraldehyde in phosphate buffer for 10 min and a wash in excess glass-distilled water. The colloidal gold signal was silver-enhanced for 8 min and washed in excess glass-distilled water. Counterstaining with Toluidine blue (10 min) was finally followed by a wash in water, dehydration in acetone, and mounting with Merckoglas.
Controls. Immunocytochemical controls were carried out by immunostaining of non-virus-infected cells and replacement of either one of the antibodies or conjugates with buffer or type-matched unrelated monoclonal antibody UCHLl (subclass IgG24.
Microscopy and Photomicrography
Microscopic observations were made on a Leitz Dialux 20 microscope equipped for epifluorescence [high-pressure mercury vapor lamp HBO 50W (Osram; 'Hstrup, Denmark) used for a maximum of 50 hr] and epipolarization plus a Wild camera MP 551 and a Wild photoautomat MPS 45. Light microscopy and phase-contrast were done with a NPL Fluotar 40/0.70 objective. The 6311.30 oil fluorescence objective was used for the epipolarization &nation.
Contrasted low-fading fluorescence studies were performed with water immersion 25/0.60 W or 100/1.20 W fluorescence objectives. Photomicrographs were taken on Kodak Ektachrome EL IS0 400/27' (color fluorescence photos), Kodak Tmax professional film TMY I S 0 400/27' (black-and-white fluorescence pictures), and Kodak Ektachrome tungsten kunstlicht EFT IS0 160/23' (immunogold photos). The exposure times were 10-60 sec without anti-fade and 60-90 sec when anti-fade was used.
Results
Immunofluorescence
A three-layer indirect immunofluorescence method was tried but was not found superior to the two-layer method used. Fluorescence immunolabeling of semi-thin cryosections without contrasted lowfading mounting medium is difficult to localize on the slide, has no phase-contrast, and fades within 10 sec when illuminated, causing almost totally black photomicrographs. The p-phenylenediaminecontaining anti-fade mounting medium compared to 90% PBS buffered glycerol provides stable fluorescence, at least for 5-min exposures (Figures 1E and IF) . There is recovery of the labeling and no significant diffusion after 12 months and partly preserved fluorescence after 22 months of storage in the dark at -20°C ( Figure 2D ). Adding propidium iodide made it possible to localize even semithin cryosections on the slide in modified darkfield microscopy, and contrast allowed identification of the nucleus and cytoplasmic compartment in both whole cells (Figures 2C and 2D ) and semithin cryosections (Figures 1A-1F ). The 1 pg/ml concentration of propidium iodide offered optimal contrast without blurring the fluorescent labeling. The low-fading contrasted mounting medium appeared to have an appreciable effect in reducing the tissue autofluorescence, even with fixation in 3 % paraformaldehyde with 2 % glutaraldehyde added (Figures 1A-1F ). It also intensified and prolonged fluorescence, even in semi-thin cryosections. The phasecontrast microscopy (Figure 2A) is unnecessary to distinguish between nucleus and cytoplasmic structures when contrasted lowfading immunofluorescence is used.
The stated advantages of low-fading immunofluorescence contrasted with propidium iodide have been confirmed in about 100 incubations of whole cells and especially in cryosections.
Immunogold Labeling
To reduce background immunogold staining, the RAM was affinitypurified (1 1). The background staining, the self-nucleation, and the size of enhanced gold particles varied significantly (Figure 2E) , even though the silver enhancement was carefully performed. These unpleasant characteristics were especially visible in the epipolarization examination ( Figure 2F ). Furthermore, performance of epipolarization microscopy strains the eyes and is not superior to ordinary light microscopy because no further specific labeling is given (Figures 2E and 2F ). Addition of glycerol to the Toluidine blue counterstain accentuated the contrast (Figure 2E ), especially important for analyses of semi-thin cryosections.
Immunogold labeling of antigens present in whole cells was not satisfactory, although permeabilized heavily with 0.5 % NP40 for 30 min. The permeabilization was incomplete in all examined concentrations of NP40, and more than 0.5% NP40 affected the morphology significantly with increasing cytoplasmic vacuolization. Moreover, immunogold labeling was difficult to interpret because the gold particles stuck to the cell surface.
Discussion
Analysis of HSV-1 morphogenesis in whole cells has previously been carried out by employing ordinary immunofluorescence (23), and we extend these investigations using immunogold electron microscopy. Before the laborious electron microscopic studies, it is desirable to find an easy, sensitive, and reproducible immunocytochemical light microscopic method with a good penetrating small marker to screen the cryopreparations and to confirm the immunofluorescence observations on whole cells.
Gold particles of at least 20 nm are needed to obviate the need for silver enhancement for light microscopy (4), which results in reduced sensitivity and efficiency because of steric hindrance phenomena and sparse penetration. However, the silver enhancement procedure needed in light microscopy with smaller gold particles is very critical and is of crucial importance to make the results possible to interpret. We strictly controlled the temperature and the chemicals used in the silver enhancement procedure, but did not succeed in obtaining reproducible results. With a view to improving the adherence of the sections and diminishing the background labeling, we have tried coating the objective microscope slides with gelatin, non-fat dried milk, poly-L-lysine, and even tea, without further success. If slides are not mounted in Merckoglas, we have seen further silver enhancement by light microscopy after the process was properly stopped, and fading of the silver enhancement when the object glasses were coated with tea. Some mounting agents may also cause fading of the silver-enhanced signal after a period of time (2). The problems associated with silver enhancement are not unknown (12, 16, 20) , and the recommendations concerning cleaning and coating of the glasses (2) are in accordance with our experience, yielding the lowest attainable background staining in both immunogold and immunofluorescence studies. Fur- thermore, the NP4o-permeabilized whole cells were not satisfactorily permeable to the 5-nm gold probe. More than 0.5% NP40 affects the morphology considerably and might affect the antigenic structure of proteins. The best reagents to use for problems with permeability are the 1-nm gold probes, but silver enhancement is still necessary for light microscopy.
The fluorochromes and the enzymes, such as horseradish peroxidase, are markers of small size. Horseradish peroxidase is stable and electron-dense but was not chosen because the colored endproduct depends on the application of a substrate solution (16), which increases the risk for diffusion (4). Fluorescein conjugates prepared from FITC are the first choice for the vast majority of immunofluorescence studies (21), but the fluorescein conjugates fade rapidly when exposed to epifluorescence (7,17,21) and a pH lower than 8.0 (34). Anti-fading agents have been compared andp-phenylenediamine was recommended (17,31). To increase the contrast of FITC-labeled specimens, various dyes for counterstaining have been used, e.g., Rhodamine B (3), Evans Blue (3,27) , Congo red (3), Eriochrome Black (3), Hoechst 33662 (18), ethidium bromide, and others (28). or the preparation has been examined in visible light after staining with conventional stains (21). Propidium iodide is a nuclear marker but is seldom used in immunofluorescence studies (5,9,24,35) . Oriol et al. (25) report counterstaining of nuclei with p-phenylenediamine, but we cannot confirm this observation.
Semi-thin single-cell-layer frozen sections allow the highest resolution in light microscopy, and non-contrasted immunofluorescence has rarely been reported (26,29,30) . For sensitive indirect immunofluorescence labeling in whole cells and especially in semi-thin cryosections, we achieved success by using an anti-fade mounting medium with the addition of propidium iodide 1 pg/ml. Therefore, to take advantage of using small fluorochrome particles as the immunolabel, it is not necessary to simultaneously sacrifice the overall picture of the antigenic distribution of interest within the cell. Without phase-contrast objectives that allow improved illumination, the technique makes it possible even at low magnifications to identify the immunoreaction and cytological details in the same view so that only one photograph is necessary. Larsson (16) does not recommend the use of contrast stains in research applications, as these may mask sites of weak specific staining. This is not our experience with propidium iodide-contrasted specimens. The antifade mounting medium allows long exposure times and long storage times at -20°C so that reexamination is possible even when the amount of antigen is low. Furthermore, the propidium iodide eliminates the autofluorescence elicited by the cells and the fixatives. The advantages of using water-immersion objectives are obvious even when a high-power objective lens is used. No oil contaminates the preparation, inherent fluorescence of oil (3) is avoided, it is easy to clean both the objective and the glass slide, and the refractive index is optimal between immersion and the mounting medium.
In conclusion, the present immunofluorescence light microscopic method adds an advantage to silver-enhanced immunogold staining because a small-sized marker is used, contrast is satisfactory, the buffers and incubation are simple, and silver enhancement and dehydration are avoided. In agreement with new recommendations (lo), screening of cryopreparations with low-fading contrasted immunofluorescence is now easy, fast, and reproducible. This is recommended before a decision is made to carry out immunogold cryosection electron microscopic studies. The described low-fading contrasted immunofluorescence method, especially of semi-thin cryosections, deserves wider attention among cell biologists.
